The T-cell immunoglobulin and mucin domain-containing protein 3 (Tim-3)/galectin 9 (Gal-9) pathway, which serves a pivotal role in immune regulation, is similar to the programmed death (PD)-1/PD-ligand 1 pathway. Recent evidence has suggested that Tim-3 is differentially regulated in a variety of tumors and is a potential therapeutic target. The aim of the present study was to evaluate Tim-3 and Gal-9 expression and cluster of differentiation (CD)3 + , CD8 + and forkhead box (FOX)p3 + T cell tumor-infiltration in gastric cancer, as well as their impact on prognosis. Tissue samples from 587 patients with gastric cancer were used to create a tissue microarray (TMA). The immune markers Tim-3, Gal-9, CD3, CD8 and FOXp3 were immunostained in the TMA, and correlations with clinicopathological findings and prognosis were analyzed. Several Gene Expression Omnibus gastric cancer databases and the K-M plotter website were used to analyze the association between the expression of Tim-3, Gal-9 and CD8A RNA and patient survival. The results demonstrated that Tim-3 was mainly expressed in immune cells, with minimal expression in gastric cancer cells. Its ligand, Gal-9, was significantly overexpressed in tumor cells. Tim-3 and Gal-9 expression and Foxp3 + T cell density were negatively associated with the patient overall survival (OS) rate. The density of CD8 + T cells was positively associated with the patient OS rate. Tim-3 expression and CD8 + T cell density were revealed to be independent prognostic factors for patients with gastric cancer.
Introduction
Gastric cancer (GC) is the fifth most common type of malignancy and the third leading cause of cancer-associated mortality worldwide (1) . Half of all cases worldwide occur in East Asia (1) . The prognosis of GC is generally poor, particularly in patients with advanced stages of the disease (1) . At present, the routine treatment for advanced GC involves surgical resection and perioperative chemotherapy (2) . Immunotherapeutic drugs, particularly immune checkpoint inhibitors, including anti-programmed death (PD)1 (nivolumab and pembrolizumab) and anti-cytotoxin T-lymphocyte-associated protein 4 (CTLA4) (ipilimumab) drugs, were recently approved by the Food and Drug Administration to treat a number of solid tumor types. Although there have been successful cases of immune checkpoint inhibitor use in these tumor types, certain patients have been revealed to be resistant to therapies targeting CTLA-4 and PD-1 (3) . The T-cell immunoglobulin and mucin domain-containing protein 3 (Tim-3)/galectin 9 (Gal-9) pathway, which is yet to be entirely characterized, may be a potential site of immune checkpoint blockade in immunotherapy, which could be used to overcome drug resistance (3) .
Tim-3 was first identified as a molecule expressed in interferon (IFN)-γ-producing cluster of differentiation (CD)4 + T helper 1 (Th1) and CD8 + T cytotoxic 1 (Tc1) cells (4) . It has been reported that Tim-3 dysregulation in CD4 + and CD8 + T cells is associated with tumorigenesis (5) . When Tim-3 interacts with its ligand, Gal-9, the Th1 response is blocked, resulting in the death of IFN-induced Th1 cells. In a previous study, it was demonstrated that Tim-3 reduces the antigen-specific T-cell response and downregulates antitumor immunity in vivo by inhibiting the Th1 response (6) .
Galectins are characterized by their β-galactoside-binding affinity, and have an evolutionarily conserved carbohydrate recognition domain (CRD) (7) . Galectins are classified according to their CRD and are subdivided into three groups: Prototype galectins (galectin-1, -2, -7, -10, -13 and -14), chimera-type galectins (galectin-3) (each has a single CRD) and tandem-repeat-type galectins (galectin-4, -8, -9 and -12) (each has two CRDs joined by a flexible peptide linker). Gal-9 is a tandem-repeat-type galectin that is known to serve key roles in eosinophil chemoattraction and activation (8) .
Forkhead box (FOX)p3, a member of the forkhead family, is specifically expressed in Treg cells, including CD4 + CD25 high Treg cells and CD8 + CD25 high Treg cells (9) . Treg cells are important factors in the development of immune suppression and tolerance (10) . A previous study confirmed that high FOXp3 expression in Tregs allows tumor cells to escape immune surveillance, thereby promoting the proliferation and development of tumor cells (11) .
To assess the association between the Tim-3/Gal-9 pathway and GC prognosis, Gal-9 and Tim-3 expression was measured in 587 patients with gastric cancer using Gene Expression Omnibus (GEO) databases and the K-M plotter website. The association between CD3 + , CD8 + and FOXp3 + T cell infiltration and GC prognosis was also analyzed in the present study.
Materials and methods
Patients and tissue microarray (TMA) construction. The primary objective of the present study was to evaluate the association between immune characteristics, clinicopathological features and GC prognosis. This was a retrospective analysis of 587 patients with primary GC who underwent gastrectomy at the Department of Gastrointestinal Surgery, Ren Ji Hospital, (School of Medicine, Shanghai Jiao Tong University, Shanghai, China) between January 2006 and December 2011. The final follow-up date was December 31, 2015 for all cases examined. The mean age of the patients was 61.6 years (range, 22-89 years), including 401 males and 186 females. A total of 251 cancer-associated mortalities occurred. All patients received standard treatments, including D2 radical resection [excluding 6 cases with Tumor-Node-Metastasis (TNM) (12) stage IV] and first-line adjuvant chemotherapy (for patients with advanced GC) according to the National Comprehensive Cancer Network guidelines (https://www.nccn.org/). Lauren type was divided into intestinal, diffuse and mixed as previously described (13) . The location of the lesion was classified into top, middle and bottom through linking the corresponding trisection points of the lesser gastric curvature and the greater gastric curvature. No patients had received neoadjuvant chemotherapy or human epidermal growth factor receptor 2 targeted therapy. A number of patients with advanced GC did not complete the standard chemotherapy regimen for personal reasons or an inability to tolerate side effects. There was no difference in the number of patients not completing the standard chemotherapy regimen between the Tim-3 high and low expression groups. The following exclusion criteria were used: i) Recurrent GC following radical surgery; ii) receipt of previous neoadjuvant chemotherapy or radiotherapy; iii) the presence of other malignant tumors; and iv) evidence of autoimmune or immunodeficiency diseases.
Formalin-fixed paraffin-embedded (FFPE) tissue blocks were collected from the Pathology Department of Ren Ji Hospital. TNM staging was performed based on the American Joint Committee on Cancer (7th Edition) staging system (12) . For each case, the diagnosis was confirmed by two senior pathologists through a review of H&E-stained slides. Representative FFPE blocks were selected for construction of the TMA using a tissue arrayer of 5-µm thickness.
The present study was approved by the Ethics Committee of Ren Ji Hospital, Shanghai Jiao Tong University School of Medicine. Written informed consent was obtained from all enrolled patients prior to their inclusion in the study.
TMA staining, fluorescence-activated cell sorting (FACS) and evaluation. Immunohistochemistry (IHC) was performed on 5-µm thick TMA sections with antibodies specific to Tim-3 (dilution, 1:200; cat. no. 45208; Cell Signaling Technology, Inc., Danvers, MA, USA), Gal-9 (dilution, 1:250; cat. no. ab69630; Abcam, Cambridge, UK), CD3 (dilution, 1:200; cat. no. GB11014; Wuhan Goodbio Technology Co., Ltd., Wuhan, China), CD8 (dilution, 1:100; cat. no. GB11068; Wuhan Goodbio Technology Co., Ltd.) and FOXp3 (dilution, 1:200; cat. no. 98377; Cell Signaling Technology, Inc.). In brief, tissue sections were deparaffinized, rehydrated in a graded ethanol series, and incubated with citrate antigen retrieval solution for 15 min at 95˚C and 3% hydrogen peroxide for 30 min at 37˚C. Additionally, 1X PBS was used as washing reagent. Tissue sections were blocked with 10% BSA (Sangon Biotech Co., Ltd., Shanghai, China) at room temperature for 1 h. Tissues were subsequently incubated with primary antibodies at 4˚C overnight, followed by incubation with a horseradish peroxidase-conjugated rabbit secondary antibody (dilution, 1:20,000; cat. no. 31460; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at room temperature for 1 h. Positive staining was visualized using 3,3'-diaminobenzinidene substrate liquid (Gene Tech Biotechnology Co., Ltd., Shanghai, China) and counterstained with hematoxylin at room temperature for 10 sec. All sections were observed and images were captured using an optical microscope (magnification, x200 and x400; Zeiss GmbH, Jena, Germany).
In the subsequent analysis, immune cells in vessels, lymph nodes, lymphatics, necrotic tissue or necrosis-adjacent areas were excluded. Tim-3 was mainly expressed in immune cells with low expression in tumor cells, whereas Gal-9 was more highly expressed in tumor cells. Tumor cell staining was used to evaluate Gal-9 expression. Based on the staining intensity and area, patients were divided into high and low expression groups. Staining intensity was defined as follows: Weak staining, 1; medium staining, 2; and strong staining, 3. The median staining intensity value obtained was multiplied by the percentage of the tissue area that was stained. Nikon DR-Si2 cell counting and imaging software (version 4.30.01; Nikon DR-Si2; Nikon Corporation, Tokyo, Japan) was used for this analysis. A total of 4 randomly selected fields of view (magnification, x200; 0.34 mm 2 ) were used to analyze each case, and the average number of Tim-3 + , CD3 + , CD8 + and FOXp3 + cells was counted. According to the median number of stained immune cells (Tim-3) or T cells (CD3 and CD8), patients were divided into low and high infiltration groups as previously described (14) . To evaluate Foxp3 + T cells, positive staining was defined as >5 stained cells/high-power field (HPF) and negative staining was defined as ≤5 cells/HPF. The results were verified by two senior pathologists who were blinded to the clinicopathological data of the patients.
Detection of Tim-3 expression in CD3 + T cells by FACS
staining. Surgical resection of tumor tissues from one male patient with GC (age, 62 years; TNM stage III) was performed in the present study. A total of 1 g dissociated tissue was treated with collagenase IV (cat. no. C5138; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 90 min at 37˚C on a rotating shaker. The homogenates were filtered through membranes of 48 µm (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) to remove cell mass and fiber agglomerates. Tumor tissue-derived single cells were obtained by centrifugation (400 x g at room temperature for 10 min) and suspended in 1X PBS. Subsequently, the cells were incubated with a mouse anti-human Tim-3 antibody (PE-CF594; cat. no. 565561; dilution, 1:200; BD Biosciences, Franklin Lakes, NJ, USA) and a fluorescein isothiocyanate-conjugated CD3 antibody (cat. no. ab 210316; dilution, 1:200, Abcam) for 30 min at 4˚C in a dark environment. Following washing in 1X PBS, Tim-3 expression was detected in CD3 + T cells using a flow cytometer (BD Biosciences). CD3 was considered to be a molecular marker of T cells in the present study. FlowJo version 10 software was used for analysis (FlowJo LLC, Ashland, OR, USA).
Cell culture and reagents. The human gastric cancer AGS, BGC-823, HGC-27, MGC-803, MKN-45 and SGC-7901 cell lines were all maintained in the Shanghai Cancer Institute, Ren Ji Hospital. All cells were cultured in RPMI-1640 medium (Beijing Solarbio Science & Technology Co., Ltd.) or F-12 Medium (Gibco; Thermo Fisher Scientific, Inc.) according to ATCC protocols and supplemented with 10% (v/v) fetal bovine serum (FBS) and 1% antibiotics (100 µg/ml streptomycin and 100 U/ml penicillin) at 37˚C in a humidified incubator at 5% CO 2 . The cell medium was replaced every 2-3 days, and 1X PBS was used for cell washing prior to the medium being replaced. Cells were collected in the logarithmic growth phase for protein and RNA extraction.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The thermocycling conditions were as follows: 60˚C for 34 sec and 95˚C for 15 sec for 40 cycles. Total RNA was extracted from AGS, BGC-823, HGC-27, MGC-803, MKN-45 and SGC-7901 cells using TRIzol reagent (Thermo Fisher Scientific, Inc.) and reverse transcribed using a PrimeScript RT-PCR kit (Takara Bio., Inc., Otsu, Japan), according to the manufacturer's protocols. RT-qPCR was performed with SYBR Premix Ex Taq (Takara Bio., Inc.) using a 7500 Real-time PCR system (Thermo Fisher Scientific, Inc.). The primer sequences used in the present study were as follows: Tim-3 forward, 5'-CTG CTG CTA CTA CTT ACA AGG TC-3' [melting temperature (Tm)=60.1˚C] and reverse, 5'-GCA GGG CAG ATA GGC ATT CT-3' (Tm=61.8˚C); Gal-9 forward, 5'-TCT GGG ACT ATT CAA GGA GGT C-3' (Tm=60.3˚C) and reverse, 5'-CCA CTG GAG CTG AGA ACG G-3' (Tm=62.0˚C); and β-actin forward, 5'-CAT GTA CGT TGC TAT CCA GGC-3' (Tm=60.8˚C) and reverse, 5'-CTC CTT AAT GTC ACG CAC GAT-3' (Tm=60.2˚C). The 2 -∆ΔCq method (15) was used to quantify relative Tim-3 and Gal-9 expression, which was normalized to β-actin.
Western blotting. Total protein was extracted using a total protein extraction buffer (Beyotime Institute of Biotechnology, Haimen, China) and the protein concentration was measured using a bicinchoninic acid protein assay kit (Thermo Fisher Scientific, Inc.). Proteins (30 µg per lane) were separated using 10% SDS-PAGE and transferred onto a nitrocellulose membrane. Following blocking with 1% BSA at room temperature for 1 h, the membrane was probed with Tim-3 (dilution, 1:1,000; cat. no. 45208; Cell Signaling Technology, Inc.), Gal-9 (dilution, 1:1,000; cat. no. ab69630; Abcam) or β-actin (dilution, 1:1,000; cat. no. 20536-1-AP; ProteinTech Group, Inc., Chicago, IL, USA) primary antibodies overnight at 4˚C, and a rabbit immunoglobulin G (H+L) secondary antibody (dilution, 1:10,000; cat. no. 31460; Thermo Fisher Scientific, Inc.) at room temperature for 1 h. Proteins were visualized using the Molecular Imager ChemiDoc XRS + System (Bio-Rad Laboratories, CA, USA).
Analysis using K-M plotter.
To analyze the association between immune marker expression and patient prognosis, a number of GEO databases (https://www.ncbi.nlm.nih.gov/geo/query/acc. cgi) regarding Tim-3, Gal-9 and CD8A expression levels in GC and the K-M plotter website (http://kmplot.com/analysis/) (16) were consulted. The following GEO datasets were used: gse14210 (17), gse15459 (18), gse22377 (19), gse29272 (20), gse51105 (21) and gse62254 (22) .
Statistical analysis. Associations between Tim-3 expression
and clinicopathological factors were analyzed using the χ 2 test or Fisher's exact test. Survival analysis was performed using the Kaplan-Meier method and the log-rank test. Univariate and multivariate analyses were conducted using the Cox proportional hazards model to identify prognostic factors. All statistical tests were two-sided and P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS 13.0 statistical package software (SPSS, Inc., Chicago, IL, USA) or GraphPad Prism (GraphPad Software Inc., La Jolla, CA, USA).
Results

Clinicopathological features of patients with GC.
To study the association between Tim-3 expression and patient clinicopathological features, patient age, sex, tumor location, tumor diameter, Lauren type, perineuronal invasion, blood-vessel invasion and TNM stage were analyzed. Follow-up information was available for all 587 patients. The follow-up time ranged between 1 and 117 months following surgery, with a median follow-up time of 48 months.
Association between patient prognosis and immune characteristics.
For immune characteristic analysis, immunohistochemical staining was performed on the TMA for immune checkpoint Tim-3 and Gal-9, as well as T-cell markers, CD3 (tumor infiltrating lymphocytes, TILs), CD8 (cytotoxic T lymphocytes, CTLs) and FOXp3 (T regulatory cells, Tregs). Images of Tim-3 and Gal-9 expression are shown in Fig. 1A and B . The majority of the GC tissues exhibited cytoplasmic and extracellular Gal-9 staining. However, few gastric cancer cells exhibited Tim-3 staining, which is strongly expressed in infiltrating immune cells. Considerable infiltration of the GC parenchyma by CD3 + and CD8 + T cells was evident in the patients with a favorable prognosis The number of FOXp3 + T cells that infiltrated the tumor parenchyma was less than that of the other types of T cells (Fig. 1C-E) . FACS was performed in order to detect Tim-3 expression in CD3 + T cells. The results showed that 16 .8% of CD3 + T cells exhibited notable expression of Tim-3 protein. Therefore, it was demonstrated that Tim-3 is notably expressed in the tumor-infiltrating lymphocytes of patients with GC (Fig. 1F) .
The present study analyzed the association between Tim-3 expression in immune cells in patients with GC and patient prognosis. It was revealed that the expression of Tim-3 in immune cells was significantly associated with patient survival. Increased Tim-3 + immune cell infiltration into the tumor was associated with a lower OS rate (P=0.001; Fig. 2A ). Gal-9 expression in GC was also compared with patient prognosis. Patients exhibiting high Gal-9 expression had a relatively poor prognosis and a poorer OS rate (P=0.0028; Fig. 2B ). As Gal-9 is a ligand of Tim-3, combined analysis involving the expression of the two factors was performed. Patients with low Tim-3 and Gal-9 expression had a significantly greater OS rate than other patients (P<0.001; Fig. 2C ).
TIL, CTL and Treg infiltration into the tumor parenchyma was analyzed by measuring the number of CD3 + , CD8 + and FOXp3 + T cells. CD3 + T-cell density in tumor tissues was not associated with OS rate (P=0.0776; Fig. 3A ), while CD8 + T cell density in tumor tissue was positively associated with OS rate (P=0.0395; Fig. 3B ). However, a high density of FOXp3 + T cells in tumor tissue was associated with a poorer OS rate (P=0.0164; Fig. 3C ).
Association between patient clinicopathological parameters and immune characteristics.
It was demonstrated that age and tumor diameter were significantly different in the Tim-3 high and low expression groups. Tumor location and blood vessel invasion were significantly different in the Gal-9 high and low expression groups. The Tim-3 or Gal-9 expression status was positively associated with N stage and TNM stage (Tables I and II) . However, in terms of the association between TIL, CTL and Tregs density, and patient clinicopathological parameters, only tumor diameter was significantly different between the CTL high-and low-density groups (Tables III-V) .
Association between biomarker expression levels. CD3 + T cell density in tumor tissue was correlated with CD8 + T cell density (r=0.6281, P<0.0001, Fig. 3D ). However, there was no correlation between Tim-3 + immune cell density and CD3 + or CD8 + T cell density (r=0.2405, P<0.0001 and r=0.1550, P=0.0002, respectively; Fig. 3E and F) .
K-M plotter analysis. Tim-3, Gal-9 and CD8A mRNA expression was compared with patient survival using the following GEO databases on the K-M plotter website: gse14210, gse15459, gse22377, gse29272, gse51105 and gse62254. High Tim-3 expression in patients with GC was associated with relatively short survival times ( Fig. 4A and B) . High Gal-9 expression in patients with GC was also associated with relatively short survival times (Fig. 4C ). High CD8A expression was associated with relatively long survival times (Fig. 4D) .
Expression of Tim-3 and Gal-9 in GC cell lines. To detect
Tim-3 and Gal-9 expression in tumor cell lines, western blotting and RT-qPCR were performed using AGS, BGC-823, HGC-27, MGC-803, MKN-45 and SGC-7901 cells. GC cells exhibited low expression levels of Tim-3 but relatively high Gal-9 expression ( Fig. 4E-G) . Table VI shows the univariate and multivariate analysis of clinicopathological factors. The univariate analysis revealed that the following factors were significantly associated with patient postoperative survival: CD8 + T cell density (P=0.025), FOXp3 + T cell density (P=0.017), Tim-3 + immune cell density (P<0.0001), Table I . Association between tumor Tim-3 expression and clinicopathological parameters in patients with gastric cancer. Table II . Association between tumor Gal-9 expression and clinicopathological parameters in patients with gastric cancer. Gal-9 expression (P=0.002), age (P=0.009), tumor diameter (P<0.0001), Lauren type (P=0.001), perineuronal invasion (P<0.0001), blood vessel invasion (P<0.0001) and TNM stage (P<0.0001). Multivariate regression analysis indicated that CD8 + T cell density (P=0.031), Tim-3 + immune cell density (P=0.012), tumor diameter (P=0.001), blood vessel invasion (P=0.003) and TNM stage (P<0.001) were independent prognostic factors in GC. 
CD8 + T cell density and Tim-3 + immune cell infiltration are independent prognostic factors in GC.
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Discussion
At present, the treatment options available for GC are limited, particularly for patients with advanced stages of disease (23) .
In China, early diagnosis remains problematic and therefore the majority of patients have advanced GC at the time of diagnosis (23) . This is likely because gastroendoscopy is not performed as regularly in China as in other developed countries (23) . The current conventional treatments used for GC include surgery and perioperative chemotherapy (2) . Immunotherapies, particularly immune checkpoint inhibitors, have great potential as effective treatments for GC in the future and have been used successfully to treat other solid tumors. Tim-3 is selectively expressed in IFN-γ-producing CD4 + Th1 and CD8 + Tc1 cells (4) . Previous studies have demonstrated that Tim-3 is required to induce immune tolerance, as Tim-3-deficient mice and mice treated with a Tim-3 Ig protein had defects in the induction of antigen-specific tolerance (24, 25) . Tim-3, as an immune checkpoint receptor, limits the duration and magnitude of the Th1 and Tc1 T-cell response.
In the present study, Tim-3-positive immune cells were demonstrated to infiltrate GC tissue. GC cells rarely express Tim-3 protein but Tim-3 expression in tumor cells has been previously reported (26) ; however, the majority of previous studies have indicated that Tim-3 + cells are immune cells, including T cells, macrophages and dendritic cells (27) (28) (29) . In the present study, a significant association between Tim-3 + -cell tumor infiltration, and tumor diameter and TNM stage was observed. Furthermore, the survival of patients exhibiting high Tim-3 + -cell tumor infiltration was significantly lower than that in those exhibiting low infiltration. Univariate and multivariate analyses also revealed that Tim-3 + infiltrating immune cells in tumors were associated with a poor prognosis. The mechanism behind this association is not yet fully understood. However, it is possible that the Tim-3/Gal-9 pathway downregulates T-cell responses by mediating apoptosis. A recent study revealed a negative regulatory effect by Tim-3 expression on CD4 + and CD8 + T cell viability (30) . Furthermore, the Tim-3/Gal-9 pathway contributes toward the suppressive tumor microenvironment via Treg activation upon TCR activation (31) . Expression of the Tim-3 surface protein by CD8 + T cells provides immune tolerance upon encounter of cancer cells highly expressing Gal-9.
Gal-9, a galectin protein, regulates the survival, proliferation and cytokine synthesis of effector helper and cytotoxic T cells (32) . Gal-9 has recently become a major molecule of interest due to the identification of its negative influence on the adaptive immune response. In the present study, Gal-9 was demonstrated to be highly expressed in GC and subcellularly localized to the extracellular area and cytoplasm of tumor cells. A significant association between Gal-9 expression, blood vessel invasion and TNM stage in GC was observed. Additionally, high expression of Gal-9 was associated with poor patient survival. Gal-9 and other galectins have been indicated to be prognostic markers in other types of cancer (33) (34) (35) . Tim-3/Gal-9 binding interactions inhibit Th17 polarization, driving the proliferation of FOXp3 + Tregs (26) . Tim-3/Gal-9 binding can also induce apoptosis or necrosis in pro-inflammatory T cell subsets (37) . While Gal-9 and other galectins induce pro-apoptotic features in pro-inflammatory T cell subsets, they function through Bcl-2 blocking Gal-9-induced apoptosis (34) . In vitro studies using lung cancer-specific T-cell lines revealed that apoptosis is induced in Tim-3 + CD8 + T-cell clones following interaction with Table V . Association between tumor FOXp3 expression and clinicopathological parameters in patients with gastric cancer. Gal-9, which can be inhibited by the addition of anti-Gal-9 or anti-Tim-3 antibodies. The release of soluble Gal-9 can therefore negatively regulate T-cell function or induce apoptosis via Tim-3 (35) . Another study demonstrated that Gal-9 induces Tim-3 + Th1, Th17 and Tc1 T cell apoptosis in hyperimmune conditions (36) . However, the function of Gal-9 in breast cancer, cervical carcinoma and malignant melanoma has also been reported, which is in contrast to the results of the present study (38) (39) (40) . This may be due to individual variation in the immune state, including differing Tim-3 protein expression and cytokine levels. Univariate analysis demonstrated that Gal-9 overexpression in tumor cells is associated with a poor prognosis in GC. However, multivariate analysis did not reveal any statistical significance, suggesting that Gal-9 functions as a tumorigenesis promoter depending on the immune state of the patient. High expression of Tim-3 and Gal-9 was associated with a poor survival in patients with GC. Regarding CD3 + and CD8 + T cell infiltration in tumors and survival in patients with GC, previous studies have reported an association between high CD3 + and CD8 + T cell density and a favorable prognosis (41, 42) . The same results were observed in the present study; the density of CD8 + T cells in GC tumors was associated with tumor size. Univariate and multivariate analyses also revealed that high CD8 + T cell infiltration was associated with a good prognosis. CTLs are also associated with a good prognosis. In adaptive immunity, CTLs directly kill tumor cells in the tumor microenvironment. Adaptive immunity, which is mediated by T cells, has been suggested to serve a major role in antitumor immunity (42) .
FOXp3 expression
Forkhead box protein 3 (FOXp3), a member of the forkhead transcription factor family, is considered to be a distinctive molecular marker of regulatory T cells (43) . It has been suggested that Tregs can suppress the majority of immune cells, including CD4 + and CD8 + T cells, B cells, natural killer cells and NK T cells. Tregs also inhibit the proliferation of effector T cells, reduce cytokine secretion, promote B-cell anergy, impede antibody production, inhibit the expression of co-stimulatory and antigen-presenting molecules, and reduce the ability to stimulate T cell responses (44) . A high frequency of Tregs is generally considered to be a marker of poor prognosis in various types of cancer. Tregs may mediate the suppression of antitumor immunity, which promotes tumor growth. The present study revealed a high level of Tregs infiltrating the tumor tissue, which was associated with a poor survival in patients with GC. A previous study demonstrated that enhanced FOXp3 + T cells expression was associated with a low OS rate and a poor prognosis (45) . A high density of Tregs in tumors and peripheral blood is therefore generally considered to be a marker of a poor prognosis in cancer.
The present study has a number of limitations. The IHC of the TMA may not completely represent the immune marker expression. Previous studies have used large areas of tissue for immunostaining (46) . Tim-3 is mainly expressed in T cells but is also expressed in other immune cells. Future studies should aim to define the detailed function of Tim-3 and the immune cells in which it is expressed in GC.
While two previous studies have investigated the association between Tim-3 expression on T cells and NK cells, and patient clinicopathological features (47, 48) . However, the Table VI . Univariate and multivariate analysis of prognostic parameters for the overall survival of patients with gastric cancer.
Univariate analysis
Multivariate analysis ----------------------------------------------------------------------------------------------------------------------------------------------Prognostic parameter HR 95% CI P-value HR 95% CI P-value Age present study compared its ligand Gal-9 expression and T-cell infiltration in tumor tissues with patient clinicopathological features and survival. The large patient sample size made the conclusions of the present study more robust. The association between Tim-3 expression and Gal-9 expression was also discussed in the present study. Tim-3 is primarily expressed by infiltrating T cells, while Gal-9 is expressed by GC cells. A large number of TILs and CTLs were revealed to infiltrate GC, and CTL infiltration was associated with OS. Univariate and multivariate analyses revealed that Tim-3 expression and CD8 + T cell density in tumors are associated with GC prognosis and can act as independent prognostic factors. However, the mechanism by which Tim-3 functions in GC and its interaction with Gal-9 remain unclear and require investigation in the future. Finally, the Tim-3/Gal-9 pathway may be a valuable immunotherapy target for the treatment of GC and other types of solid tumor.
